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Winter Manure Application 
and

Water Quality

Overview of the Literature

Overview of Briefing

� Define winter application and applicability
� Why winter application can occur
� Research findings on winter application water 

quality impacts and risks
� Management options
� Research needs 
� Conclusions
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Purpose of White Paper

Survey of existing research on 
winter manure application and 
water quality to support an 
informed discussion on winter 
application and potential options 
for mitigating the effects of 
unavoidable winter application. 

Process

All sources of research data, management recommendations, and other 
information concerning winter application of animal manure:

• SERA-17 bibliography http://www.sera17.ext.vt.edu/index.htm. 
• On-line databases: NAL, Google Scholar
• JEQ, JSWC, Trans. ASABE, others
• Grey literature
• Extension publications

Complete list of references in appendix of this presentation
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Frozen Soils

Regions that 
experience frozen 
and/or snow-covered 
soils face special 
constraints for good 
manure management .

Historical snowfall and soil frost 
data suggest that winter 
application practices warrant 
careful consideration in parts or 
all of U.S. states except Florida, 
Hawaii, Louisiana, and 
Mississippi.

Definitions & 
Applicability

Definitions & 
Applicability

Land application of animal 
manure to snow-covered, 
ice-covered, or frozen soils.

Other situations outside the 
scope of the paper where risks 
also exist:

• “Warm winter” application 
during high precipitation 
periods

• Application to saturated 
soils at any time

• Others….
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The comprehensive literature review found no published 
research to support agronomic factors as a basis for 
recommending winter manure application:

• Prevention of soil compaction*
• Reduction of N volatilization*
• Providing crop nutrients for spring planting,
• Reduce risk of excessive manure application around a 

ban period

Agronomic benefits of winter application?

* Both have been documented as “positives” of winter application, but 
other factors outweigh the benefits

Winter Application Impacts and Risks

Hydrologic factors

• Frozen soils decrease infiltration and 
increase runoff
• Most (not all) frozen soils virtually 

impervious (Fleming and Fraser 2000)

• 56% increase in runoff volume from 
frozen soils (Williams et al. 2012) 

• Catchments with frozen soils have 
greater water yield than unfrozen 
soils (Molnau and Cherry 1990)
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Winter Application Impacts and Risks

Hydrologic factors

• Importance of snowmelt in annual 
discharge
• WI: 50% of annual ag runoff in 

snowmelt (Stuntebeck et al. 2011)

• Alberta: 90% of annual runoff (Little 
et al. 2007)

• Sask.: 85% of annual runoff and 
50% of groundwater recharge 
(Maule and Elliott (2005a)

Winter Application Impacts and Risks

Hydrologic factors

• Critical characteristics
1. Structure of the frozen soil
2. Depth of penetration of the frost
3. Persistence of soil frost
4. Areal extent of frozen soil. (Storey
1955)

• Freeze-thaw processes poorly 
understood (Storey 1955)

• Function of variable soil and climate 
characteristics, e.g., tillage, cover, 
moisture (Storey 1955, Willis et al. 1961)
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• Frozen soils and snowpack 
increase the risk of runoff from 
winter-applied manure.

• Dormant or absent crops 
provide no nutrient uptake

• Incorporation difficult or 
impossible

• Freezing does not reliably kill 
pathogens

• Loss of soluble nutrients and 
microorganisms

Winter Application Impacts and Risks

Research data demonstrate that 
substantial potential exists for 
runoff losses of N and P and 
impacts to receiving waters if 
manure is applied to frozen soils 
or snow-covered ground.  

Winter Application Impacts and Risks

• Very high nutrient concentrations, e.g., 
• TP 1.6 – 15.4 mg/L; TKN 24 – 1086 mg/L
• TP increase165 – 224%; soluble P increase 246 – 1480% ; 576% increase 

in  NH3-N in runoff following winter application of dairy manure
• Mass losses of up to 27% of applied P, 22% of appli ed N

Thompson et al. 1979, Melvin and Lorimor 1996, Phillips et al. 1981,Clausen 1990, 1991, Midgeley and 
Dunklee 1945, Hensler et al. 1970, Phillips et al. 1975, Converse et al. 1976, Klausner et al. 1976, Young and 
Mutchler 1976
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The magnitude of nutrient losses from winter-applied 
manure appears to be controlled by a large number of 
factors whose relative influence is poorly understood, 
including:
� Effects of soil frost on infiltration and runoff generation;
� Timing, extent, and depth of snow cover relative to manure 

application;
� Soil temperature;
� Snowmelt and winter rainfall;
� Timing of manure application relative to snowfall, snowmelt, and 

runoff;
� The form of manure applied;
� Land use/land cover, including crop, crop residue, and tillage;
� Land slope;
� Existing conservation practices; and
� Weather and climate.

Winter Application Impacts and Risks

Most of the major factors that appear to influence 
nutrient losses from winter-applied manure are high ly 
variable and exceptionally difficult to predict wit h any 
certainty on a fine scale.  

� Even if all the processes governing nutrient losses from 
winter-applied manure are perfectly understood, fully 
avoiding adverse water quality impacts – or even 
reasonable estimation of the risk of significant water 
quality impacts – from winter manure application on a site-
specific basis will continue to be extremely challenging.

Winter Application Impacts and Risks
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Although the potential for major nutrient losses is not always realized, 
there is ample evidence in the literature that runoff losses of N and P 
from winter-applied manure are often significant, both in terms of 
agronomic losses and potential water quality impacts.

Winter Application Impacts and Risks

Management standards

Some states have adopted 
technical standards for 
CAFOs, but these are highly 
variable

Documented in Appendix to 
White Paper
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Most cold-climate states and 
provinces recommend against 
winter manure application and 
consider winter spreading to 
be a last resort if storage is 
limited or if weather impairs 
recommended management

BMPs

There is currently no body of standards 
and specifications supported by 
research data for BMPs or other 
management measures to specifically 
mitigate potential impacts of winter 
manure application.  

BMPs

Some management measures may be 
required to mitigate emergency or 
unavoidable winter application
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Vegetation-based practices are 
largely dormant and less effective 
during critical mid-winter thaw and 
spring runoff periods when most 
nutrient loss occurs  

BMPs

Common sense recommendations like increased setbacks or reduced 
application rates may have some effect on reducing runoff losses of nutrients 
from winter-spread manure, but there is little documentation in the literature. 

BMPs

• Setbacks
• Avoid flood zones
• Slope criteria
• Proximity to water
• Residue cover
• Reduced application rate
• Incorporation/injection
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Risk-based approaches

http://www.manureadvisorysystem.wi.gov/

Risk-based approaches

New York:
• Identify the lowest risk fields for spreading as a last resort (e.g., when storage 

is full)
• Evaluate runoff potential along with other management needs: soil wetness, 

weather forecast for rainfall or snowmelt, presence of diversions or field 
ditches and drainage tile, rate per acre, and total amount of manure to be 
applied.

• When conditions for runoff are high, consider delaying the application, 
reducing the rate, reducing the total amount applied, and/or applying smaller 
amounts of manure over a period of days rather than hours

• Avoid application when:
• Significant rainfall or snowmelt is predicted within 24-48 hours.
• Soil is frozen, snow covered or saturated 
• Tile drains are flowing from field drainage 

Czymmek et al. (2005) 
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Risk-based approaches

Ontario:
Risk assessment of conditions 
unsuitable for manure application:
• Soil frost depth >0.05 m
• Snow accumulation > 0.05 m
• Soil volumetric water content >

plastic limit

Range of recommended dates for 
spring start and fall end of manure 
application based on probabilities of 
one or more of the limiting criteria

Fallow et al. (2007) 

Many unknowns about BMPs

► Research conflicting on effectiveness of slope restrictions 
or requirements for vegetative cover;

► Insufficient experience with winter manure incorporation 
or injection to recommend a BMP

► Runoff control measures may be effective, but trade-offs 
with leaching are unknown;

► Effectiveness of VFS or buffers in capturing or treating 
runoff from winter application is uncertain because 
snowmelt/runoff occurs when vegetative measures are 
essentially dormant.

► Net effect of risk-based procedures un-tested
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► Identify, quantify, and prioritize individual factors                       
influencing nutrient and pathogen losses from 
winter-applied manure

► Assess the real risks of major nutrient losses when limited storage and 
winter manure application restrictions promote high manure 
applications during the time immediately before or after a ban period.

► Document the effectiveness of vegetative BMPs on delivery of nutrients 
from winter-manured fields to surface waters during the mid-winter thaw 
and spring snowmelt periods.

► Evaluate the effects of BMPs currently recommended by NRCS for 
year-round implementation to reduce surface runoff losses of nutrients 
and pathogens from winter manure application and on leaching losses, 
in particular through subsurface drainage.

► Field test and evaluate the practicality and effectiveness of agricultural 
implements designed to incorporate manure directly into frozen and/or 
snow-covered soils. 

BMP Research needs

�Lack of agronomic benefit,
�Documented water quality 

impacts, and
�Absence of effective BMPs

Avoid winter 
manure 

application

Weight of Evidence
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QUESTIONS?

Balkcom, K.S., A.M. Blackmer, D.J. Hansen, T.F. Morris, and A.P. Mallarino. 2003. 
Testing Soils and Cornstalks to Evaluate Nitrogen Management on the Watershed 
Scale. J. Environ. Qual. 32:1015–1024.

Baker, D.G. 1972. Prediction of spring runoff. Water Resour. Res. 8:966-972.
Brenneman, G. undated. Manure Manager Series, Vol. 3. Iowa State University 
Extension.
http://www.agronext.iastate.edu/immag/pubs/imms/vol3.pdf (Accessed 9-25-
2013).

Bishop, P.L., W.D. Hively, J.R. Stedinger, M.R. Rafferty, J.L. Lojpersberger, and 
J.A. Bloomfield. 2005. Multivariate analysis of paired watershed data to evaluate 
agricultural best management practice effects on stream water phosphorus. J. 
Environ. Qual. 34:1087–1101.

Brown, M.B., P. Longabucco, M.R. Rafferty, P.D. Robillard, M.F. Walter, and D.A. 
Haith. 1989. Effects of animal waste control practices on nonpoint source 
phosphorus loading in the West Branch of the Delaware River watershed. J. Soil 
Water Cons. 44(1):67-70.

References



10/30/2014

15

Carrington, E.G. and M.E. Ransome. 1994. Factors influencing the survival of 
Cryptosporidium oocysts in the environment. Report No. FR 0456. Foundations for 
Water Research. Marlow, Bucks.

Clausen, J.C. 1990. Winter and Fall application of manure to corn land. Pages 179 
– 180  in Meals, D.W. 1990. LaPlatte River Watershed Water Quality Monitoring and 
Analysis Program: Comprehensive Final Report. Program Report No. 12. Vermont 
Water Resource Research Center, University of Vermont, Burlington.

Clausen, J.C. 1991. Best manure management effectiveness. Pages 193 – 197 in 
Vermont RCWP Coordinating Committee. 1991. St. Albans Bay Rural Clean Water 
Program, Final Report. Vermont Water Resources Research Center, University of 
Vermont, Burlington

Clausen, J.C. and D.W. Meals. 1989. Water quality achievable with agricultural best 
management practices. J. Soil Water Cons. 44(6):593-596.

Converse, J.C., G.D. Bubenzer, and W.H. Paulson. 1976. Nutrient losses in surface 
runoff from winter spread manure. Trans. ASAE 19:517-519.

References

References

Cooley, K.R. (ed.), 1990. Proceedings of an International Symposium Frozen Soil 
Impacts on Agricultural, Range, and Forest Lands. Special Report 90-1, U.S. Army 
Cold Regions Research and Engineering Laboratory, Hanover, NH.

Dunne, T. 1983. Relation of field studies and modeling in the prediction of storm 
runoff. J. Hydrol. 65:25-48.

Fallow, D.J., D.M. Brown, J.D. Lauzon, and G.W. Parkin. 2007. Risk assessment of 
unsuitable winter conditions for manure and nutrient application across Ontario. J. 
Environ. Qual. 36:31–43

Fayer, R. and T. Nerad. 1996. Effects of low temperature on viability of 
Cryptosporidium parvum oocysts. Appl. and Environ. Microbiol. 62(4):1431-1433

Fleming, R. and H. Fraser. 2000. Impacts of Winter Spreading of Manure on Water 
Quality - Literature Review. University of Guelph, Report prepared for Ontario Pork, 
Etobicoke, ON, Canada.



10/30/2014

16

References

Gerba, D., C. Wallis, and J. Mellnick. 1975. Fate of wastewater bacteria and 
viruses in soil. J. Irr. Drain. Div. ASCE 101:157-174.

Gessel, P. D., N. C. Hansen, J. F. Moncrief, and M. A. Schmitt. 2004. Rate of fall-
applied liquid swine manure: effects on runoff transport of sediment and 
phosphorus. J. Environ. Qual. 33:1839-1844.

Gilley, J.E., L.M. Risse, and B. Eghball. 2002. Managing runoff after manure 
application. J. Soil Water Cons. 57(6)530-533. 

Hansen, N.C., S.C. Gupta, and J.F. Moncrief. 2000. Snowmelt runoff, sediment, 
and phosphorus losses under three different tillage systems. Soil Tillage Res. 
57:93–100

Hensler, R.F., R.J. Olsen, S.A. Witzel, O.J. Attoe, W.H. Paulson, and R.F. 
Johannes. 1970. Effect of method of manure handling on crop yields, nutrient 
recovery and runoff losses. Trans. ASAE:726-731.

References

Hernandez, J.A. and M.A. Schmitt. 2012. Manure Management in Minnesota. 
University of Minnesota Extension. 
http://www.extension.umn.edu/distribution/cropsystems/DC3553.html
(Accessed 9-25-2013).

Jann, S.M. 2005. Interim Final Technical Guidance for the Application of CAFO 
Manure on Land in the Winter. United States Environmental Protection Agency, 
Region 5, Chicago, IL
http://www.cals.ncsu.edu/waste_mgt/natlcenter/sanantonio/Jann.pdf (Accessed 9-
24-2013).

Kibby, H.J., C. Hagedorn, and E.L. McCoy. 1978. Use of Fecal Streptococci as 
indicators of pollution in soil. Appl. and Environ. Microbiol. 35(4):711-717.

Klausner, S.D., Zwerman, P.J., and Ellis, D.F. 1976. Nitrogen and phosphorus 
losses from winter disposal of manure. J. Environ. Qual. 5(1):47-49



10/30/2014

17

References
Klausner, S.D., Zwerman, P.J., and Ellis, D.F. 1976. Nitrogen and phosphorus 
losses from winter disposal of manure. J. Environ. Qual. 5(1):47-49

Komiskey, M.J., T.D. Stuntebeck, D.R. Frame, and F.W. Madison. 2011. Nutrients 
and sediment in frozen-ground runoff from no-till fields receiving liquid-dairy and 
solid-beef manures. J. Soil Water Cons. 66(5):303-312.

Kongoli, C.E. and W.L. Bland. 2002. Influence of manure application on surface 
energy and snow cover. J. Environ. Qual. 31:1166–1173.

Kongoli, C.E. and W.L. Bland. 2002a. Influence of manure application on surface 
energy and snow cover: Field experiments. J. Environ. Qual. 31:1166-1173.

Kudva, I.T., K. Blanch, and C.J. Hovde. 1998. Analysis of Escherichia coli
O157:H7 in ovine or bovine manure and manure slurry. Appl. and Environ. 
Microbiol. 64(9):3166-3174.

References
Lauer, D.A., D.R. Bouldin, and S.D. Klausner. 1976. Ammonia volatilization from 
dairy manure spread on the soil surface. J. Environ. Qual. 5:134-141.

Lemunyon, J.L., and R.G. Gilbert. 1993. The concept and need for a phosphorus 
assessment tool. J. Prod. Agric. 6:483-486.

Lewis, T.W. and J.C. Makarewicz. 2009. Winter application of manure on an 
agricultural watershed and its impact on downstream nutrient fluxes. J. Grt. Lakes 
Res. 35(sp1):43-49.

Little, J.L., S.C. Nolan, J.P. Casson, and B.M. Olson. 2007. Relationships 
between Soil and Runoff Phosphorus in Small Alberta Watersheds. J. Environ. 
Qual. 36:1289–1300.

Lorimer, J.C. 1999. Minimizing risk when applying manure in winter. Iowa State 
University Extension, Ames, IA. 
http://www.extension.iastate.edu/Pages/communications/EPC/F99/winter.html

Lorimor, J.C. and J.C Melvin.. 1996. Nitrogen losses in surface runoff from winter-
applied manure. University of Iowa. Final Report.



10/30/2014

18

References

Madison, F., K. Kelling, L. Massie, and L.W. Good. 2003. Guidelines for applying 
manure to cropland and pasture in Wisconsin. University of Wisconsin Extension. 
http://learningstore.uwex.edu/assets/pdfs/A3392.pdf (Accessed 9-25-2013).
Marsh, P. 1999. Snowcover formation and melt: recent advances and future 
prospects. Hydrol. Proc. 13:2117-2134.

Maulé, C. and J. Elliott. 2005a. Effect of Hog Manure Injection Upon Soil 
Productivity and Water Quality; Part I Perdue Site, 1998-2004. ADF Project 
98000094. Dept of Agricultural and Bioresource Engineering, University of 
Saskatchewan, 57 Campus Drive, Saskatoon, SK.

McCool, D.K. 1990. Crop management effects on runoff and soil loss from 
thawing soil. Pp. 171-176  In: Frozen soil impacts on agricultural, range, and 
forest lands. K.R. Cooley (ed.) Proceedings of International Symposium, 
Spokane, Washington. CRREL Special Report 90-1. Cold Regions Research and 
Engineering Laboratory.U.S. Army Corps of Engineers, Hanover, NH.

References
Melvin, S. and J. Lorimor. 1996. Effects of winter manure spreading on surface 
water quality. 1996 Research Report, Agricultural & Biosystems Engineering, 
Iowa State University Extension, Ames, IA. 
http://www.nppc.org/Research/�96Reports/�96Melvin-manure.html

Michigan Commission of Agriculture & Rural Development. 2013. Generally 
Accepted Agricultural and Management Practives for Manure Management and 
Utilization. Lansing, MI 
http://www.michigan.gov/documents/mdard/2013_FINAL_MANURE_GAAMP_40
9764_7.pdf

Midgeley, A.R. and D.E. Dunklee. 1945. Fertility runoff losses from manure 
spread during the winter. Univ. of Vermont, Agric. Exp. Station, Bulletin 523, 19 p.

Molnau, M. and J.G. Cherry. 1990. A comparison of runoff occurring on frozen 
and unfrozen soils.  Pp. 279-281 In: Frozen soil impacts on agricultural, range, 
and forest lands. K.R. Cooley (ed.) Proceedings of International Symposium, 
Spokane, Washington. CRREL Special Report 90-1. Cold Regions Research and 
Engineering Laboratory.U.S. Army Corps of Engineers, Hanover, NH.



10/30/2014

19

References
Moore, I.C. and F.W. Madison. 1985. Description and application of an animal 
waste phosphorous loading model. J. Environ. Qual. 14(3):364-368.

Nolan, S., L. Good, P. Loro, J. Elliot, T. Wallace, and B. Olson. Undated. Best 
Management Practices for Snowmelt Runoff. Alberta Agriculture and Rural 
Development. Edmonton, AB.

Ohio State University. 2011. Properly Applying Manure on Frozen Ground. OSU 
Crop Observation and Recommendation Network (C.O.R.N.) Newsletter 2011-42  
http://corn.osu.edu/newsletters/2011/2011-42/properly-applying-manure-on-frozen-
ground (Accessed 9-25-2013).

Ontario Ministry of Agriculture and Food. 2011. Winter Application of Manure and 
Other Agricultural Source Materials. OMAFRA Fact Sheet 10-073. 
http://www.omafra.gov.on.ca/english/engineer/facts/10-073.htm#5 (Accessed 9-25-
2013).

Owens, L.B., J.V. Bonta, M.J. Sipitalo, and S. Rogers. 2011. Effects of winter 
manure application in Ohio on the quality of surface runoff. J. Environ. Qual. 
40:153–165.

References

Pappas, E.A., R.S. Kanwar, J.L. Baker, J.C. Lorimor, and S. Mickelson. 2008. 
Fecal indicator bacteria in subsurface drain water following swine manure 
application. Trans. ASABE 51:1567–1573.

Patni, N.K., H.R. Toxopeus, and P.Y. Jui. 1985. Bacterial quality of runoff from 
manured and non-manured cropland. Trans. ASAE 28():1871-1884.

Phillips, P.A., A.J. MacLean, F.R. Hore, F.J. Sowden, A.D. Tenant, and N.K. Patni. 
1975. Soil water and crop effects of selected rates and times of dairy cattle liquid 
manure applications under continuous corn. Engineering Research Service 
Contribution No. 540. Agriculture Canada, Ottawa, Ontario.

Philips, P.A., Culley, J.L.B., Hore, F.R., and Patni, N.K. 1981. Pollution potential 
and corn yields from selected rates and timing of liquid manure applications. 
Trans. ASAE. 1981: 139-144

Pikul, J.L., Jr., J.F. Zuzel, and D.E. Wilkins. 1992. Infiltration into frozen soil as 
affected by ripping. Trans. ASAE. 35:83-90. 



10/30/2014

20

References

Pikul, J.L., Jr., D.E. Wilkins, J.K. Aase, and J.F. Zuzel. 1996. Contour ripping: A 
tillage strategy to improve water infiltration into frozen soil. J. Soil Water 
Cons.51:76-83.

Pionke, H.B., W.J. Gburek, R.R. Schnabel, A.N. Sharpley, and G.F. Elwinger. 
1999. Seasonal flow, nutrient concentrations and loading patterns in stream flow 
draining an agricultural hill-land watershed. J. Hydrol.220:62-73.

Reddy, K.R., R. Khaleel, and M.R. Overcash. 1981. Behavior and transport of 
microbial pathogens and indicator organisms in soils treated with organic wastes. 
J. Environ. Qual. 10(3):255-266.

Ricker, D.H. and J.D. Smolik. 1990. Tillage and crop residue effects on soil frost 
depth. Pages 31-35 IN Proceedings of an International Symposium Frozen Soil 
Impacts on Agricultural, Range, and Forest Lands. Cooley, K.R. (ed.), Special 
Report 90-1, U.S. Army Cold Regions Research and Engineering Laboratory, 
Hanover, NH.

Schillinger, W.F., and D.E. Wilkins. 1997. Deep ripping fall-planted wheat after 
fallow to improve infiltration and reduce erosion. J. Soil. Water Cons. 52:198-202.

Sharpley, A.N. and P. Kleinman. Effect of rainfall simulator and plot scale on 
overland  flow and phosphorus transport. J. Environ. Qual. 32(6):2172-2179.

Srinivasan, M.S.. R.B. Bryant, M.P. Callahan, and J.L. Weld. 2006. Manure 
management and nutrient loss under winter conditions: A literature review. J. Soil 
Water Cons. 61(4):200-209.

Steenhuis, T.S., G.D. Bubenzer, and J.S. Converse. 1979. Ammonia volatilization 
of winter spread manure. Trans. ASAE 22: 153-157.

Steenhuis, T.S., G.D. Bubenzer, J.C. Converse, and M.F. Walter. 1981. Winter-
spread Manure Nitrogen loss. Trans. ASAE 24(2):436-441

Stoddard, C.S., M.S. Coyne, and J.H. Grove. 1998. Fecal bacteria survival and 
infiltration through a shallow agricultural soil: timing and tillage effects. J. Environ. 
Qual. 27:1516-1523.

References



10/30/2014

21

References

Storey, H.C. 1955. Frozen soil and spring and winter floods. Pp. 179-185. In: The 
Yearbook of Agriculture. U.S. Government Printing Office, Washington, D.C.

Stuntebeck, T.D., M.J. Komiskey, M.C. Peppler, D.W. Owens, and D.R. Frame. 
2011. Precipitation-runoff relations and water-quality characteristics at edge-of-field 
stations, Discovery Farms and Pioneer Farm, Wisconsin, 2003–8: U.S. Geological 
Survey Scientific Investigations Report 2011–5008, 46 p.

Thompson, D.B., T.L. Loudon, and J.B. Gerrish. 1979. Animal manure movement in 
winter runoff for different surface conditions. Pages 145-157 in R.C. Loehr et al., 
eds. Best Management Practices for Silviculture and Agriculture. Ann Arbor 
Science, Ann Arbor, MI.

Ulen, B. 2003. Concentrations and transport of different forms of phosphorus 
during snowmelt runoff from an illite clay soil. Hydrol. Proc. 17:747-758.

U.S. EPA. 2012. NPDES Permit Writers’ Manual for Concentrated Animal Feeding 
Operations. EPA 833-F-12-001. U.S. Environmental Protection Agency, Office of 
Water. Washington, DC.

References

Vansteelant, JY. 2000. Personal communication, Institut National de la Recherche 
Agronimique, Thonon les Bains, France.

Williams, M.R., G.W. Feryereisen, D.B. Beegle, and R.D. Shannon. 2012a. Soil 
temperature regulates phosphorus loss from lysimeters following fall and winter 
manure application. Trans. ASABE 55(3):871-880.

Williams, M.R., G.W. Feryereisen, D.B. Beegle, and R.D. Shannon. 2012b. Soil 
temperature regulates nitrogen loss from lysimeters following fall and winter 
manure application. Trans. ASABE 55(3):861-870.

Willis, W.O., C.W. Carlson, J. Alessi, and H.H. Haas. 1961. Depth of freezing and 
spring runoff as related to fall soil-moisture level. Can. J. Soil Sci. 41:115-123.

Young, R.A. and C.K. Mutchler. 1976. Pollution potential of manure spread on 
frozen ground. J. Environ. Qual. 5(2):174-179

Young, R.A. and R.F. Holt. 1977. Winter-applied manure: effects on annual runoff, 
erosion, and nutrient movement. J. Soil Water Cons. 32(5):219-222.



10/30/2014

22

References

Zuzel, J.F., R.R. Allmaras, and R. Greenwalt. 1982. Runoff and soil erosion on 
frozen soils in northeastern Oregon. J. Soil Water Cons. 37(6):351-354.

Zuzel. J.F. and J.L. Pikul. 1987. Infiltration into a seasonally frozen agricultural soil. 
J. Soil Water Cons. 42(6):447-450.


